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UHDVRQVZK\WKRVHVLWHVDUHDWWUDFWLYHIRUUHDOHVWDWHGHYHORSHUV7KHPDQDJHPHQWRIULVNGXHWRODQGVOLGHVLQYROYHV
FRQFHSWV LQD VLPSOHEXW WHFKQLFDOO\VXSSRUWHGPDQQHUZKLFKZLOO FRQWULEXWH WR UHGXFLQJ WKHYXOQHUDELOLW\RI WKH
SRSXODWLRQEXWDOVRWKHYXOQHUDELOLW\RIHFRQRPLFDVVHWV>@
7KHVLWHWKDWZHDUHUHIHUULQJWRLVRQWKHZHVWHUQSDUWRI&OXM1DSRFDFLW\LQDKLOO\DUHDRQWKHVRXWKHUQVLGHRI
+RLDKLOODORQJWKH6RPHVXO0LF5LYHU7KH+RLDKLOODVZHOODVRWKHUKLOOV LQWKHUHJLRQ LVZHOONQRZQDVDVLWH
ZLWKVOLGLQJSRWHQWLDOGXHWRWKHVORSHVL]HDQGWKHVRLOJHRWHFKQLFDOFKDUDFWHULVWLFV>@$WWKHPRPHQWZKHQWKH
LGHDRI WKHQHZEXLOGLQJ UDLVHGXSRQ WKH VLWH WKHUHZHUH VRPHJDUGHQVDQG IHZ OLJKW EXLOGLQJV'XULQJ WKH UDLQ\
SHULRGVEHFDXVHRIWKHOHQJWKRIWKHVORSHRQWKHPLGGOHSDUWRIWKHVLWHDVWUHDPULVHXSFROOHFWLQJDOOWKHZDWHULQ
WKHQHDUDUHDDQGFRQGXFWLQJLWWRZDUGVGRZQVWUHDPWURXJK6RPHVXO0LF5LYHU7KLVVWUHDPZDVQRWYLVLEOHEHFDXVH
RI WKH YHJHWDWLRQ RQ WKH VORSH 7KH JUHDW YLHZ RQ WKH FLW\ UHFRPPHQGHG WKLV VLWH HYHQ LI LW LV D GLIILFXOW VLWH
5HDOL]LQJDVWHSSHGEXLOGLQJLVRQHRIWKHVROXWLRQVWKDWDUHYHU\PXFKXVHGLQWKHSDVWWHQ\HDUVLQ&OXM1DSRFD
DUHD GXH WR WKH IDFW WKDW WKH FLW\ LV H[SDQGLQJ UDSLGO\ DQG WKH EHVW VLWHV ZLWK JUHDW YLHZV DUH RQ VORSHV 7KLV
FRQVWUXFWLRQVROXWLRQLPSRVHVVRPHWLPHVLPSRUWDQWFRQVROLGDWLRQV\VWHPVGXHWRWKHIDFWWKDWPRVWRIWKHVLWHVDUHRQ
VORSHV ZLWK KLJK VOLGLQJ SUREDELOLW\ >@ 7KH LGHD RI VWHSSHG EXLOGLQJV LV QRW D QHZ RQH EHLQJ XVHG LQ VRPH
EHDXWLIXOSODFHVDURXQGWKHZRUOGOLNH6DQWRULQLZKHUHWKHKRXVHVZHUHEXLOWRQYROFDQLFURFN
$ KRXVLQJ SURMHFW ZDV SURSRVHG IRU WKLV VLWH D VWHSSHG EXLOGLQJ KDYLQJ D ZDWHUIDOO DVSHFW (DFK VWHS RI WKH
EXLOGLQJ LV FRPSRVHG E\ WKUHH DSDUWPHQWV RQ WKH PLGGOH SDUW RI WKH FRQVWUXFWLRQ KDYLQJ D VSD DUHD DQG RQ WKH
LQIHULRUSDUWVVRPHWHFKQLFDOVSDFHVDQGDJDUDJHWKHVXSHULRUSDUWKDVDOVRDJDUDJHDQGDVXSSOHPHQWDU\OHYHO,Q
RUGHUWRGHYHORSDJUHHQSURMHFWHDFKKRXVLQJOHYHOZDVGHVLJQHGZLWKLWVRZQWHUUDFHVHH)LJ


)LJ7KHSURSRVHGEXLOGLQJFRXUWHV\WR,$QGULHVFX	6,7

)LJ%URNHQGUDLQLQJSLSHVRQWKHVLWH
0DWHULDOVDQGPHWKRGV
*HRWHFKQLFDOLQYHVWLJDWLRQ
7KHVWXGLHGVLWHKDVDVORSHYDU\LQJIURPWRLQFOLQDWLRQV7KHVORSHDFFRUGLQJWR5RPDQLDQQRUP13
>@ LQGLFDWHV D KLJK SRWHQWLDO WR VOLGLQJ WKLV EHLQJ RQH RI WKH UHDVRQV ZK\ LW ZDV XVHG PRVWO\ IRU DJULFXOWXUDO
SXUSRVHV*HRORJLFDOO\ WKH VORSH LV FKDUDFWHUL]HG E\ D UHODWLYH KRPRJHQHRXV VWUXFWXUH DQG WH[WXUH FRQVLVWLQJ RI
PDUO\FOD\DQGVDQG\FOD\OD\HUVRIVRLOFRYHUHGE\DEODFNPDUO\FOD\OD\HU$OOWKHVHGHSRVLWVKDYHDTXDWHUQDU\
DJHDQGDGLOXYLDQDWXUHVSHFLILFWRWKHVORSHVGLOXYLDGHSRVLWV
,QRUGHU WRREWDLQ WKHJHRWHFKQLFDO FKDUDFWHULVWLFV RI WKH VRLO D ILUVW JHRWHFKQLFDO VWXG\ZDV FRQGXFWHG KDYLQJ
VHYHQORZGHHSGULOOLQJVDWDSSUR[LPDWHO\PGHSWK7KLVJHRWHFKQLFDOVWXG\RIIHUHGWKHLQLWLDOLQIRUPDWLRQDERXW
WKHVLWH$FFRUGLQJ WR WKHGULOOLQJVD VXFFHVVLRQRI OD\HUVZDVREVHUYHG$ OD\HURIEURZQLVKFOD\KDYLQJP
WKLFNQHVV GRZQVWUHDP WKH VLWH ZKLFK LV QRW IRXQG XSVWUHDP ZKHUH D OD\HU RI EODFN VLOW\ FOD\ LW H[LVW KDYLQJ
PWKLFNQHVV7KLVOD\HUFRYHUVDPDUO\FOD\OD\HUIRXQGXSWRP$OHQVRQFOD\H\VDQGP
WKLFNQHVVZDVIRXQGRQWKHPLGGOHSDUWRIWKHVLWHDQGDOVRXSVWUHDPWKHOD\HURIPDUO\FOD\GLVDSSHDUVKDYLQJD
OD\HURI VDQG\PDUO\FOD\ IURPPRUP LQRQHGULOOLQJ*URXQGZDWHU WDEOHZDVQRW IRXQG LQDQ\RI WKH
GULOOLQJV7KHPDLQYDOXHVRI WKHVRLOFKDUDFWHULVWLFVRIIHUHGE\WKHJHRWHFKQLFDOVWXG\ IRUWKHPDUO\FOD\OD\HURI
VRLODUH,F Ȗ§N1P,S§H M F N3D
7KH LQLWLDO IRXQGDWLRQV\VWHPIRU WKHEXLOGLQJ LWZDVDFRQWLQXRXVRQHVWHSSHGFRQWLQXRXV IRXQGDWLRQVSODFHG
DORQJWKHUHLQIRUFHGFRQFUHWHGLDSKUDJPZDOOVRIWKHEXLOGLQJ%HFDXVHRIVRPHLQFHUWLWXGHUHODWHGWRWKHVWDELOLW\RI
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WKHVORSHWKRVHVRLOFKDUDFWHULVWLFVKDGWREHFRQILUPHGE\LQVLWXWHVWZKLFKLVWKHVXEMHFWRIDVHFRQGJHRWHFKQLFDO
VWXG\RQWKHVLWH7KHUHIRUHRQHKHDY\G\QDPLFSHQHWUDWLRQ'3+DQGHLJKWOLJKWG\QDPLFSHQHWUDWLRQV'3/ZHUH
SHUIRUPHGRQWKHVLWH7KHSRVLWLRQRIWKHVHSHQHWUDWLRQVZDVVLPLODUWRWKHGULOOLQJVSRVLWLRQLQRUGHUWRFRQILUPWKH
OD\HUVVXFFHVVLRQDQGFKDUDFWHULVWLFV&RUUHODWLQJWKHQXPEHURIEORZVQHFHVVDU\IRUWKHFRQHWRSHQHWUDWHLQWRWKH
VRLO ZLWK VRLO FKDUDFWHULVWLFV D VXFFHVVLRQ RI OD\HUV LV GHWHUPLQHG 7KH ILUVW OD\HU LV EURZQLVK EODFN FOD\ KDYLQJ
PWKLFNQHVVZLWKORZFRQVLVWHQF\FRQVLVWHQF\LQGH[,F 7KLVOD\HULVYHU\FRPSUHVVLEOHORRVH
ZLWK YRLGV UDWLR H! 7KH PHFKDQLFDO SDUDPHWHUV RI WKH VRLO DUH DSSDUHQW FRKHVLRQ FX N3D HIIHFWLYH
IULFWLRQ DQJOHM¶  DQG HIIHFWLYH FRKHVLRQ F¶ N3D 7KH VHFRQG OD\HU LV DPDUO\ FOD\ KDYLQJ P
WKLFNQHVVFRQVLVWHQWRUVWLIIZLWK,F 7KHFRPSUHVVLELOLW\LVKLJKZLWKYRLGVUDWLRHXSWR6KHDULQJ
VWUHQJWKFKDUDFWHULVWLFVDUHM¶ DQGF¶ N3D7KHQH[WOD\HULVDOVRDPDUO\FOD\KDYLQJPWKLFNQHVV
ZLWKGLIIHUHQWFKDUDFWHULVWLFV7KHFRQVLVWHQF\LQGH[,F H DQGM¶ F¶ N3D,QVRPHDUHDV
WKHUHZHUHIRXQGOHQVHVRIVWLIIVRLOZLWKM¶ DQGF¶ N3D7KHEHGURFNLVDFOD\H\PDUOJUH\LGHQWLILHGDW
PLQ'3+DQG'3/7KHPHFKDQLFDOFKDUDFWHULVWLFVRIWKLVVRLODUHM¶ DQGF¶ N3D7KLVVRLOOD\HU
KDVDORZFRPSUHVVLELOLW\ZLWKH2QWKHVLWHZKHQWKHSHQHWUDWLRQVZHUHH[HFXWHGGRZQVWUHDPWKHUHZHUH
LGHQWLILHGVRPHSRVVLEOHVOLGLQJVXUIDFHVDWPDQGP
8SVWUHDPIHZVSULQJVZHUHDOVRIRXQGZKLFKSURYHV WKDWZDWHU IORZLQJ LQ WKHVRLORFFXUV WURXJK WKHVRIWDQG
SHUPHDEOHOD\HURIVDQG\FOD\7KLVIDFWLQYDOLGDWHWKHILUVWJHRWHFKQLFDOVWXG\RQZKLFKWKHZDWHUZDVQRWIRXQGRQ
WKHVLWHEXWDOVRFRQILUPWKHIDFWWKDWWKHVLWHKDVDKLJKVOLGLQJSRWHQWLDO7KHZDWHUIORZLQWKHVRLOLVSURYHGE\WKH
ORZFRQVLVWHQF\OD\HUVRIVRLOKDYLQJJUHDWWKLFNQHVVGRZQVWUHDPPXSWRPEXWDOVRXSVWUHDPP
WKLFNQHVV:KHQWKHH[FDYDWLRQZDVSHUIRUPHGLWZDVGLVFRYHUHGVRPHGUDLQLQJSLSHVKDYLQJWKHUROHWRWUDQVSRUW
WKHUDLQZDWHUIURPWKHVORSHWURXJKWKHVHZLQJV\VWHP%XWWKH\ZHUHDOOILOOHGZLWKPXGDQGEURNHQVHH)LJ
6ORSHVWDELOLW\DQDO\VLV
,QRUGHUWRHVWLPDWHWKHSRVVLELOLW\RIDQDWXUDOGLVDVWHUFDXVHGE\VORSHVVOLGLQJWKH5RPDQLDQQRUP*7
>@LPSRVHVWKHFDOFXODWLRQRIWKHLQVWDELOLW\IDFWRU
7KHLQVWDELOLW\IDFWRULVFDOFXODWHGDFFRUGLQJWRWKHHTXDWLRQ>@
ܭ௠ ൌ ͲǡͶͲͺටܭ௔ܭ௕ σ ܭ௜௛௜ୀ௖   
7KHFRHIILFLHQW¶V.D«.KDUHHYDOXDWHGDFFRUGLQJWRWKHVLWHFRQGLWLRQVFRQVLGHULQJOLWKRORJ\JHRPRUSKRORJ\
VWUXFWXUH K\GURORJLFDO DQG FOLPDWH FRQGLWLRQV K\GURJHRORJ\ VHLVPLF DFWLYLW\ IRUHVWV DQG DQWKURSLF IDFWRUV 7KH
FDOFXODWHGYDOXHRIWKHFRHIILFLHQWLVEHWZHHQ.P VLWXDWLQJWKHVORSHDFFRUGLQJWR>@LQWRWKHFDWHJRU\
RIVORSHVZLWKPHGLXP±KLJKVOLGLQJSRWHQWLDOFDWHJRU\DQGDPHGLXP±KLJKSUREDELOLW\RIVOLGLQJ
7KHLQLWLDOVORSHVWDELOLW\DQDO\VLVZDVSHUIRUPHG>@XVLQJFRQYHQWLRQDOPHWKRGV7KH)HOOHQLXVPHWKRGXVHG
FRQVLGHUHGDQ LQLWLDO IDFWRURI VDIHW\)6 DQGGLYLGHG WKH VOLGLQJVXUIDFH LQWREORFNVFRUUHVSRQGLQJ WRHDFK
IRXQGDWLRQ VWHS 7KHUHZHUH FRQVLGHUHG WZR SRVVLEOH VOLGLQJ VXUIDFHV RQH DW WKH EDVH RI WKHPDUO\ FOD\ DQG WKH
VHFRQGRQHZKLFK FRQVLGHUV WKDW DOO WKH FRYHULQJ OD\HUV DUHSRVVLEOH WR VOLGHRQ WKH FOD\H\PDUO OD\HU7KH VWXG\
FRQFOXGHGWKDWWKHVLWHKDVLQVWDELOLW\SUREOHPVZKHQWKHEXLOGLQJLVSODFHGRQLWRQERWKSRVVLEOHVOLGLQJVXUIDFHV
WKH VOLGLQJ IRUFH GHWHUPLQHG KDYLQJ WR EH XQGHUWDNHQ E\ D FRQVROLGDWLRQ V\VWHP 7KH FRQVROLGDWLRQ VROXWLRQ
SURSRVHGKDVPLFURSLOHVZLWKPPGLDPHWHU GLVSRVHGDORQJ WKHZDOOV RQ IRXQGDWLRQEHDPV7KHSLOHV ± UDIW
V\VWHPZKLFKXQGHUWDNHV WKH VOLGLQJ IRUFH LVSODFHGHYHU\ VWHSRI WKHEXLOGLQJRQ WKH VHFWLRQZKHUHD UHLQIRUFHG
FRQFUHWHGLDSKUDJPZDOO LV LQFRQWDFWZLWK WKH VXSHULRU WHUUDFH7KLVFRQVROLGDWLRQ V\VWHPZLOO VWDELOL]H WKH VORSH
DQGWKHEXLOGLQJEXWDOVRZLOOLQFUHDVHWKHVWDELOLW\RIWKHURDGDQGWKHVXUURXQGLQJDUHD7KHFDOFXODWLRQVSHUIRUPHG
DW WKDW WLPH DUH WKH VXEMHFW RI WKH SUHVHQW FRPSOH[ VWXG\ LQYROYLQJ FRPSOH[ VRIWZDUH DEOH WR FRQVLGHU LQ WKH
FDOFXODWLRQDOVRWKHFRQVROLGDWLRQV\VWHP
7KHSXUSRVHRIWKHVORSHVWDELOLW\DQDO\VLVZLWKOLPLWHTXLOLEULXPPHWKRGVDQG)(0XVLQJ*HR)LQHVRIWZDUHLV
WRGHWHUPLQHLIWKHLQLWLDOVWDELOLW\DQDO\VLVUHDOL]HGE\PDQXDOFDOFXODWLRQZLWKPHGLXPVRLOSDUDPHWHUVLVYHULILHG
E\DPRUHDFFXUDWHFDOFXODWLRQDQGLIWKHVROXWLRQUHDOL]HGLVDEOHWRVROYHWKHVWDELOLW\SUREOHPVIRXQGRQWKHVORSH
:KHQWKHVORSHVWDELOLW\DQDO\VLVLVSHUIRUPHGLWLVUHFRPPHQGHGWRKDYHWZRFDOFXODWLRQVWDJHV2QWKHILUVWVWDJH
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ZH REWDLQ DQ RYHUDOO VDIHW\ IDFWRU IRU WKH VORSH 7KH SXUSRVH RI WKLV VWDJH LV WR GHWHUPLQH WKHPRVW XQIDYRUDEOH
VOLGLQJ VXUIDFH KDYLQJ WKH VPDOOHVW VDIHW\ IDFWRU XVLQJ WKH FKDUDFWHULVWLF VRLO SDUDPHWHUV 7KH FRPSDUDEOH
H[SHULHQFH LW LV UHFRPPHQGHG WR EH XVHG ,Q WKH VHFRQG VWDJH DFFRUGLQJ WR5RPDQLDQ DQG(XURSHDQ QRUPV WKH
VORSH VWDELOLW\ LV SHUIRUPHG XVLQJ OLPLW HTXLOLEULXPPHWKRGV RU )(0 7KH VRLO SDUDPHWHUV XVHG DUH DIIHFWHG E\
VDIHW\IDFWRUVFRUUHVSRQGLQJWRWKHGHVLJQDSSURDFKXWLOL]HG
,QRUGHUWRSHUIRUPWKHVWDELOLW\DQDO\VLVDVXFFHVVLRQRIVRLOOD\HUVDVLQ7DEOHLVFRQVLGHUHG7KHJURXQGZDWHU
WDEOHLVQRWFRQVLGHUHGLQWKHDQDO\VLVEXWWKHVRLOFKDUDFWHULVWLFVDUHFDOFXODWHGLQIOXHQFHGE\LW
7DEOH6RLOFKDUDFWHULVWLFSDUDPHWHUV
1U 6RLOW\SH ȖN1P M FN1P (03D Ȟ
 %URZQLVKFOD\     
 0DUO\FOD\     
 0DUO\FOD\     
 0DUO\FOD\     
 &OD\H\PDUO     

7KHDQDO\VLV WR ILQGDVWDELOHSURILOHZDVSHUIRUPHGXVLQJ6ORSH6WDELOLW\0RGXOHRI WKHVRIWZDUHFRQVLGHULQJ
GLIIHUHQWSUREDEOHVLWXDWLRQVZLWKDQGZLWKRXWWKHFRQVROLGDWLRQV\VWHP,QWKLVFDVHWKHPRVWVXLWDEOHDQDO\VLVXVHV
6DUPD>@PHWKRGIRUVORSHVZLWKSUREDEOHSRO\JRQDOVOLGLQJVXUIDFHVDQGWKH)HOOHQLXV3HWWHUVRQPHWKRG>@
IRUVORSHVZLWKSUREDEOHFLUFXODUVOLGLQJVXUIDFH>@7KHSUREDEOHVOLGLQJVXUIDFHZDVGHWHUPLQHGLQWKH6DUPD
PHWKRGZKLFKLVPRUHVXLWDEOHIRUOD\HUHGVRLODQGWKDWVXUIDFHZDVFRQYHUWHGLQWRDFLUFXODURQHE\WKHVRIWZDUH
REWDLQLQJWKHVDIHW\IDFWRULQ)HOOHQLXV±3HWWHUVRQPHWKRG'XHWRWKHIDFW WKDWDSRVVLEOHFLUFXODUVOLGLQJVXUIDFH
SDVVHVWKURXJKWKHVWLIIOD\HURIVRLOWKHVORSHVWDELOLW\LVVRPHWLPHVRYHUHVWLPDWHGVHH)LJDQG)LJ
$FFRUGLQJ WR WKH5RPDQLDQVLPLODUH[SHULHQFH IRUD VORSH LQRUGHU WREHVWDEOH WKHPLQLPXPIDFWRURIVDIHW\
UHTXLUHG LV )6  WKH VWXG\ FRQVLGHULQJ WKH VDIHW\ IDFWRUV PHWKRGRORJ\ 7KH DQDO\VLV XVLQJ *HR  VRIWZDUH
LQGLFDWHGWKDWRQWKHLQLWLDOVWDWHWKHVORSHLVVWDEOHDVLWZDVEHIRUHDQ\EXLOGLQJZDVHUHFWHGVHH)LJDQG)LJ
:KHQ WKHH[FDYDWLRQZLOOEHSHUIRUPHGDQG WKHEXLOGLQJZLOOEHH[HFXWHGZLWKRXWDQ\FRQVROLGDWLRQ V\VWHP WKH
VORSHZLOOEHXQVWDEOHDVVHHQLQ)LJDQG)LJ


)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK6DUPDPHWKRGIRUWKH
LQLWLDOVORSH)6 !

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK)HOOHQLXV3HWWHUVRQPHWKRGIRU
WKHLQLWLDOVORSH)6 !

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK6DUPDPHWKRGIRUWKH
LQLWLDOVORSHZLWKWKHEXLOGLQJ)6 

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK)HOOHQLXV3HWWHUVRQPHWKRGIRU
WKHLQLWLDOVORSHZLWKWKHEXLOGLQJ)6 
&RQVLGHULQJWKHUHFRPPHQGDWLRQVRI65(1>@DQGWKH65(1±1$>@WKHVWDELOLW\DQDO\VLVZDV
DOVRSHUIRUPHGYHULI\LQJLIWKHGHVLJQHIIHFWVRIWKHDFWLRQV(GGRQRWH[FHHGWKHFRUUHVSRQGLQJUHVLVWDQFH5G,Q
VORSHVWDELOLW\DQDO\VLVWKHHIIHFWRIWKHDFWLRQVLV WKHRYHUWXUQLQJPRPHQW0(GDQGWKHUHVLVWDQFHLV WKHUHVLVWLQJ
PRPHQWWKHUHVLVWDQFHWRWKHHIIHFW05G>@7KHHTXDWLRQZKLFKKDVWREHYHULILHGEHFDPH,QWHUPVRIVDIHW\
IDFWRUVWKHUHODWLRQFDQEHZULWWHQDV
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ୖౚ
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
ୖౚ
୉ౚ
ൌ ୑౎ౚ୑ుౚ ൒ 	ୗ        
7KHGHVLJQHIIHFWRI WKHDFWLRQVDQG WKHGHVLJQUHVLVWDQFH LVREWDLQHGE\DSSO\LQJVDIHW\IDFWRUV WR WKHDFWLRQV
PDWHULDOVDQGUHVLVWDQFHV7KHQDWLRQDODQQH[RI(XURFRGHUHFRPPHQGVIRUWKHVORSHVWDELOLW\DQDO\VLVWRXVHWKH
VDIHW\IDFWRUVFRUUHVSRQGLQJWRWKHGHVLJQDSSURDFKFRPELQDWLRQ'$DQGWRWKHGHVLJQDSSURDFK'$
&RQVLGHULQJWKHYDOXHVRIWKHVDIHW\IDFWRUVIRUWKHDQDO\VLV'$DQG'$DUHLGHQWLFDOWKHUHIRUHWKHFDOFXOXVLV
SHUIRUPHG IRU '$ 7KH VDPH GHVLJQ VLWXDWLRQV ZHUH XVHG LQ WKH VORSH VWDELOLW\ DQDO\VLV WKH UHVXOWV EHLQJ
SUHVHQWHG LQ )LJ )LJ )LJ DQG )LJ 7KLV DQDO\VLV YDOLGDWHV WKH LQLWLDO FDOFXODWLRQ DQG LQ WKH VDPH WLPH
LQGLFDWHVWKHIDFW WKDWZLWKRXWDFRQVROLGDWLRQV\VWHPWKHFRQVWUXFWLRQDFWLYLWLHVPLJKWOHDGWRGLVDVWHUVFDXVHGE\
VORSHVOLGLQJ7KHKXPDQDFWLYLWLHVDUHRQHRIWKHFDXVHVRIVORSHVOLGLQJ%HFDXVHWKHVRLOSDUDPHWHUVXVHGKDYHWKH
GHVLJQ YDOXH WKH VDIHW\ IDFWRU YDOXH LV VLJQLILFDQWO\ FKDQJHG %\ UHDOL]LQJ WKH IRXQGDWLRQV IRU WKH EXLOGLQJ D
UHLQIRUFHGFRQFUHWHUDIWIRXQGDWLRQDQGIRXQGDWLRQEHDPVEHDULQJRQDURZRIPLFURSLOHVKDYLQJPPGLDPHWHU
HPEHGGHGLQWRWKHVWLIIFOD\H\PDUOOD\HUWKHVHSLOHVZLOODFWOLNHDVXSSRUWLQJV\VWHPIRUWKHVORSHDQGWKHEXLOGLQJ
WKHHQWLUHVORSHEHLQJVWDELOL]HG,QWKH*HRVRIWZDUHWKHSLOHURZLVFRQVLGHUHGDVULJLGUHJLRQVZKLFKVWDELOL]HWKH
VORSH$FFRUGLQJWRWKHSHUIRUPHGDQDO\VHVLIWKHFRQVROLGDWLRQV\VWHPLVUHDOL]HGLWVWDELOL]HWKHHQWLUHVORSH)LJ
DQG)LJ7KHGHVLJQRIWKHSLOHVKDVDVDPDQGDWRU\UHTXLUHPHQWWREHDEOHWRXQGHUWDNHWKHVOLGLQJIRUH$
VLPLODUDQDO\VLVLVSHUIRUPHGDOVRDFFRUGLQJWR(XURFRGH±'$)LJDQG)LJ,QRXUFDVHWKHV\VWHPLV
GHVLJQHG DOVR WR XQGHUWDNH WKH YHUWLFDO ORDG WUDQVPLWWHG E\ WKH EXLOGLQJ ZKLFK LV VPDOO FRPSDUHG WR WKH VOLGLQJ
IRUFHEXWHYHQZLWKUHDOL]HGFRQVWUXFWLRQWKHVORSHLVVWLOOVWDEOH)LJDQG)LJ7KHDQDO\VLVDFFRUGLQJWR65
(1  ± '$ LV SUHVHQWHG LQ )LJ  DQG )LJ  7KH OLPLW HTXLOLEULXP PHWKRG DQDO\VLV ZLWK VRIWZDUH
GHGLFDWHG WRJHRWHFKQLFDOSUREOHPV LQGLFDWHG WKDW WKHFRQVROLGDWLRQ±IRXQGDWLRQV\VWHPSURSRVHGDQGUHDOL]HG LV
DEOHWRVROYHWKHVWDELOLW\SUREOHPDQGWRIXOILOOWKHVDIHW\FRQGLWLRQVLQWHUPVRIEHDULQJFDSDFLW\DQGVHUYLFHDELOLW\
7KLVVRLOIRXQGDWLRQVFRQVROLGDWLRQV\VWHPKDVWREHFRPSOHWHGZLWKDQDSSURSULDWHGUDLQDJHV\VWHPORFDWHGDURXQG
WKHIRXQGDWLRQV*URXQGZDWHU WDEOHDQG WKHVSULJVIRXQGRQ WKHVLWHPLJKW LQIOXHQFHVLJQLILFDQWO\VRLOSDUDPHWHUV
DQGUHVSHFWLYHO\VRLODFWLYHSUHVVXUHDQGVWDELOLW\FRQGLWLRQV

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK6DUPDPHWKRGIRUWKH
LQLWLDOVORSH'$(G5G 

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK)HOOHQLXV3HWWHUVRQ
PHWKRGIRUWKHLQLWLDOVORSH(G5G 

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK6DUPDPHWKRGIRUWKH
LQLWLDOVORSHZLWKWKHEXLOGLQJ(G5G!

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK)HOOHQLXV3HWWHUVRQPHWKRG
IRUWKHLQLWLDOVORSHZLWKWKHEXLOGLQJ(G5G 

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK6DUPDPHWKRGIRUWKH
FRQVROLGDWHGVORSHZLWKRXWWKHEXLOGLQJ)6 !

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK)HOOHQLXV3HWWHUVRQPHWKRGIRU
WKHFRQVROLGDWHGVORSHZLWKRXWWKHEXLOGLQJ)6 !
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
)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK6DUPDPHWKRGIRUWKH
FRQVROLGDWHGVORSHZLWKRXWWKHEXLOGLQJ(G5G 

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK)HOOHQLXV3HWWHUVRQPHWKRGIRU
WKHFRQVROLGDWHGVORSHZLWKRXWWKHEXLOGLQJ(G5G 

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK6DUPDPHWKRGIRUWKH
FRQVROLGDWHGVORSHZLWKWKHEXLOGLQJ)6 !

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK)HOOHQLXV3HWWHUVRQPHWKRGIRU
WKHFRQVROLGDWHGVORSHZLWKWKHEXLOGLQJ)6 !

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK6DUPDPHWKRGIRUWKH
FRQVROLGDWHGVORSHZLWKWKHEXLOGLQJ(G5G 

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK)HOOHQLXV3HWWHUVRQPHWKRGIRU
WKHFRQVROLGDWHGVORSHZLWKWKHEXLOGLQJ(G5G 
%DVHGRQWKHILQLWHHOHPHQWPHWKRG)(0DGLIIHUHQWDQDO\VLVRIVORSHVWDELOLW\DQGRIWKHHIIHFWRIWKHSURSRVHG
VWUHQJWKHQLQJV\VWHPKDVEHHQFRQGXFWHG7KHILQLWHHOHPHQWPHWKRGUHSUHVHQWVDSRZHUIXODOWHUQDWLYHDSSURDFKIRU
VORSHVWDELOLW\DQDO\VLVZKLFKLVDFFXUDWHDQGUHTXLUHVIHZHU³DSULRUL´DVVXPSWLRQVUHJDUGLQJWKHIDLOXUHPHFKDQLVP
>@7KHIDFWRURIVDIHW\)6RIDVRLOVORSHLVGHILQHGDVWKHIDFWRUE\ZKLFKWKHRULJLQDOVKHDUVWUHQJWKSDUDPHWHUV
PXVWEHGLYLGHGLQRUGHUWREULQJWKHVORSHWRWKHSRLQWRI IDLOXUH>@'XULQJWKHDQDO\VLVWKHSURJUDPJUDGXDOO\
UHGXFHVWKHEDVLFVWUHQJWKFKDUDFWHULVWLFVRIWKHVRLOPDVVXQWLOIDLOXUHRFFXUV)RUWKHVRLOLQWKHDQDO\VLVLWKDVEHHQ
DGRSWHG WKH0RKU ± &RXORPE IDLOXUH FULWHULRQ ZKLFK UHODWHV WKH VKHDU VWUHQJWK RI WKH PDWHULDO WR WKH FRKHVLRQ
QRUPDOVWUHVVDQGDQJOHRILQWHUQDOIULFWLRQRIWKHPDWHULDO7KHSLOHVKDYHEHHQPRGHOHGDVDVLQJOHOD\HUOLQHZLWK
HODVWLFSODVWLFEHKDYLRU>@
7KHDQDO\VLVXVHGWKHVDPHVRLOSURILOHDQGSDUDPHWHUVKDYLQJIHZFDOFXODWLRQVWHSV,QWKHILUVWVWHSWKHVWDELOLW\
RI WKH LQLWLDO VORSH ZDV YHULILHG )LJ  7KLV DQDO\VLV SURYLGHV D IDFWRU D VDIHW\ EXW DOVR WKH SORW RI WKH
GLVSODFHPHQW YHFWRUV LQGLFDWLQJ WKH SRVVLEOH IDLOXUH VXUIDFH ,Q WKH IROORZLQJ DQDO\VLV VWHS WKH LQIOXHQFH RI WKH
H[FDYDWLRQDQGRIWKHQHZEXLOGLQJLVFRQVLGHUHG7KHUHVXOWVSURYHGWKDWWKHEXLOGLQJZLOOLQFUHDVHWKHLQVWDELOLW\RI
WKHVORSH9HU\VPDOOVDIHW\IDFWRUVDUHREWDLQHGORFDOO\RQHDFKH[FDYDWLRQVWHSDVVHHQLQ)LJ


)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK)(0PHWKRGIRUWKHLQLWLDO
VORSH)6 !

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK)(0PHWKRGIRUWKHVORSH
ZLWKWKHH[FDYDWLRQDQGWKHEXLOGLQJ)6 
2QWKHVXSHULRUSDUWRIWKHVORSHWKH)(0DQDO\VLVLQGLFDWHVKLJKSRVVLELOLW\RIIDLOXUH)LJ7KLVORFDOIDLOXUH
LQGLFDWHGE\WKHFDOFXODWLRQRFFXUUHGLQRQWKHVORSH)LJWDNHQRQWKHVLWHSURYHVWKLVVRLOIDLOXUHEXWDOVR
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FRQILUPV WKH ORFDO LQVWDELOLW\ RI WKH VORSH7KHRYHUDOO VWDELOLW\ LV HQVXUHGE\ WKH FRQVROLGDWLRQ V\VWHPEXW ORFDO
QRQFDWDVWURSKLFKD]DUGVPLJKWRFFXURQWKHVLUHDQGLQWKHVXUURXQGLQJDUHDV7KHODVWFDOFXODWLRQVWHSUHIHUVWRWKH
FRQVROLGDWHG VORSHZLWK WKHSLOHV URZDQG WKH ORDG WUDQVPLWWHGE\ WKHEXLOGLQJ VHH)LJ7KHUHDUH VWLOO VRPH
DUHDVZLWKORZVDIHW\IDFWRUEXWWKH\DUHFDXVHGE\ORFDOGLVWRUWLRQVVHH)LJ


)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK)(0PHWKRGIRUWKHVORSH
3RVVLEOHORFDOIDLOXUH

)LJ6ORSHORFDOIDLOXUH

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK)(0PHWKRGIRUWKHVORSH
ZLWKWKHFRQVROLGDWLRQV\VWHP)6 

)LJ6ORSHVWDELOLW\YHULILFDWLRQZLWK)(0PHWKRGORFDOGLVWRUWLRQV
5HVXOWVDQGGLVFXVVLRQV
7KHVORSHOLPLWHTXLOLEULXPPHWKRGDQGQXPHULFDO)(0VWDELOLW\DQDO\VLVSURYHGWKDWWKHHPSLULFDOFDOFXODWLRQ
XVLQJDYHUDJHVRLOFKDUDFWHULVWLFVLVFORVHWRWKHDFFXUDWHFDOFXODWLRQ7KHPDLQGLIIHUHQFHLVWKDWWKHVRIWZDUHLVDEOH
WRLQGLFDWHFDOFXODWHGVDIHW\IDFWRUIRUVORSHVWDELOLW\ZKHQLQWKHHPSLULFDOFDOFXODWLRQWKLVPLQLPXPVDIHW\IDFWRULV
LPSRVHGDQGXVHGWRGHWHUPLQHWKHVOLGLQJHIIHFW7KHHPSLULFDOFDOFXODWLRQDQGFRPSDUDEOHH[SHULHQFHLVDQLQLWLDO
VWHSLQWRGHWHUPLQLQJVORSHVWDELOLW\EXWWKLVVWHSKDYHWREHIROORZHGE\FDOFXODWLRQXVLQJVRLOSDUDPHWHUVDIIHFWHG
E\ VDIHW\ IDFWRUV/LPLWHTXLOLEULXPPHWKRG LQ VORSH VWDELOLW\DQDO\VLVSURYLGHYDOXDEOH LQIRUPDWLRQRQ WKH VDIHW\
IDFWRU)RUUHJXODUGHVLJQLWLVDSRZHUIXOWRROZKLFKJXLGHVWKHGHVLJQHULQWRDGRSWLQJWKHDSSURSULDWHFRQVROLGDWLRQ
V\VWHP%XWDOVRLWLVDQXPHULFDOWRROIRUWKHJHRORJLFDODQGJHRWHFKQLFDOHQJLQHHUVLQRUGHUWRHVWDEOLVKWKHVOLGLQJ
SRWHQWLDORIWKHVORSH8VLQJ)(0LQWKHVWXG\RIVORSHVWDELOLW\DQGFRQVROLGDWLRQV\VWHPOHDGVWRDQHZVWDJHLQWKH
DSSURDFK RI JHRWHFKQLFDO HQJLQHHULQJ SUREOHPV )(0EDVHG DQDO\VLV DOORZV D TXDOLWDWLYH HPSKDVLV RI WKH
GHYHORSPHQW RI WKH VWDELOLW\ IDFWRU LQ GLIIHUHQW DQDO\VLV VWDJHV VKRUW WHUP RU ORQJ WHUP WR PDQQHU WKDW WKH
GHIRUPDWLRQVRIWKHHDUWKPDVVLYHGHYHORSWKHDUHDRILQIOXHQFHRIWKHHIIHFWRIUHLQIRUFLQJWKHVORSHHWF7KH)(0
FRQVLGHUWKHHIIHFWRIWKHFRQVROLGDWLRQV\VWHPLQWHUPVRIWKHGHIRUPDWLRQVDQGVWLIIQHVVFRQVLGHULQJWKHUHIRUHWKH
VRLOVWUXFWXUHLQWHUDFWLRQ
,QERWKFDOFXODWLRQVWKHVLJQLILFDQWHOHPHQWLVWKHVRLOWKHVRLOSDUDPHWHUV)RUDQHPSLULFDOFDOFXODWLRQDYHUDJH
VRLO SDUDPHWHUV DUH XVHG ZKLFK VRPHWLPHV GRQ¶W FRQVLGHU ORFDO VRIW OD\HUV RI VRLO 7KH FDOFXODWLRQ LQYROYLQJ
VRIWZDUH UHTXLUHVDFFXUDWH VRLOSDUDPHWHUV UHVXOWLQJ IURPH[WHQGHG ODERUDWRU\ZRUNVDQGVLWHPHDVXUHPHQWV)RU
WKH)(0DQDO\VLVWKHVRLOSDUDPHWHUVDUHPRUHFRPSOH[UHTXLULQJSDUDPHWHUVUHODWHGWRWKHVRLOVWUXFWXUHLQWHUDFWLRQ
DQG DOVR WKH VRLO LQYHVWLJDWLRQV DUHPRUH FRPSOH[&RQVLGHULQJ DOO WKHVH DVSHFWVZKHQ VORSH VWDELOLW\ DQDO\VLV LV
FDUULHG RXW WKH LQSXW SDUDPHWHUV VRLO SDUDPHWHUV VRLO OD\HUV JURXQG ZDWHU WDEOH LI LW LV WKH FDVH ORDGV HWF
LQIOXHQFHVLJQLILFDQWO\WKHRXWSXWWKHVDIHW\IDFWRUGHVFULELQJWKHVORSHVWDELOLW\
&RQFOXVLRQ
7KH UHVXOWV RI WKLV VWXG\ DUH JLYLQJ XV WKH SRVVLELOLW\ WR VWDWH WKDW D VWHSSHG EXLOGLQJ ZLWK DQ DSSURSULDWH
IRXQGDWLRQ V\VWHP FRQVROLGDWHV WKH VORSHV ZLWK VOLGLQJ SRWHQWLDO :H FRQVLGHU WKDW WKLV IRXQGDWLRQ V\VWHP
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UHLQWHJUDWHVDVLWHZLWKRXWKRXVLQJSRWHQWLDODVLWHZLWKDKLJKSRWHQWLDORIQDWXUDOKD]DUGVRFFXUUHQFHLQWRWKHOLYLQJ
VSDFHRIWKHFLW\,QWKHVDPHWLPHWZRSUREOHPVDUHVROYHGWKHSUREOHPRIDYDLODEOHVSDFHLQDJURZLQJFLW\EXW
DOVRWKHLPSRUWDQWSUREOHPRIVORSHVVWDELOL]DWLRQ$VVKRZQSUHYLRXVO\WKHPHWKRGXVHGWRFDOFXODWHVORSHVWDELOLW\
VDIHW\ IDFWRU LV LPSRUWDQW LQ REWDLQLQJ UHDO LQIRUPDWLRQ DERXW WKH VWDELOLW\ RI WKH VLWH 7KH SURSRVHGPHWKRGV WR
DQDO\]HWKHVORSHVWDELOLW\GHSHQGRQWKHVRLOJHRWHFKQLFDOSDUDPHWHUVREWDLQHGXVXDOO\IURPDJHRWHFKQLFDOUHSRUW
7KHUHIRUH ZH XQGHUOLQH WKH LPSRUWDQFH RI DQ DSSURSULDWH JHRWHFKQLFDO UHSRUW DQG PRVWO\ WKH DFFXUDF\ RI WKH
GHWHUPLQHGSDUDPHWHUV7KHDFFXUDF\RIWKHVRLOSDUDPHWHUVLVDOVRDQLPSRUWDQWIDFWRULQREWDLQLQJWUXWKIXOVDIHW\
IDFWRUVRQVWDELOLW\
,WFDQEHFRQFOXGHGWKDW WKHDSSOLHGPHWKRGVKDYHDYHU\JRRGFRUUHODWLRQZLWKWKHUHDOFDVH WKHFRQVROLGDWLRQ
V\VWHPGHVLJQHGEHLQJDEOHWRVWDELOL]HWKHVRLOZLWKRXWGHJUDGDWLRQGXHWRODQGVOLGH)XUWKHUPRUHWKHIRXQGDWLRQ
V\VWHPPRGHOPD\EHDGRSWHGDVDQDOWHUQDWLYHIRUKRXVLQJSURMHFWVEXWDOVRDVFRQVROLGDWLRQPRGHOIRUVORSHVZLWK
VOLGLQJSRWHQWLDO,QFRQFOXVLRQLQRXURSLQLRQWKLVIRXQGDWLRQV\VWHPPLJKWVROYHWKHODFNRIKRXVLQJVSDFHLQVLGH
FURZGHGFLWLHVLQDUHDVZLWKVOLGLQJSRWHQWLDOEXWWKHPRVWLPSRUWDQWDVSHFWLVWKDWWKLVIRXQGDWLRQV\VWHPLPSURYHV
WKHVWDELOLW\RIWKHVLWHVDQGLWFRQWUROWKHQDWXUDOGLVDVWHUVFDXVHGE\VORSHVOLGLQJ
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